ing inflammatory responses and multiple organ dysfunction syndromes.
| INTRODUC TI ON
Renal ischaemia-reperfusion (RIR) frequently results in overwhelming inflammatory responses and multiple organ dysfunction syndromes. [1] [2] [3] RIR may impair distant organs, particularly the lungs. [4] [5] [6] [7] Inflammatory responses and free radical damage are relevant to acute lung inflammation (ALI) caused by RIR. 8, 9 Previous studies have demonstrated that anti-oxidation and anti-inflammation treatments might palliate ALI produced by RIR. 10, 11 Lipoxin A4 (LA4), an endogenously produced lipid mediator, has exhibited therapeutic potential for several conditions in experimental animal models. [12] [13] [14] LA4 has been used to remedy bronchopulmonary dysplasia, psoriasis, subarachnoid haemorrhage, and testis injury after testicular torsion/detorsion. [14] [15] [16] [17] LA4 also possesses potent anti-inflammatory activity in response to lung injury. [18] [19] [20] Recentlyreported data have shown that LA4 has therapeutic benefits in sepsisassociated hepatic dysfunction and myocardial ischaemia-reperfusion injury. 21, 22 To date, whether LA4 possesses curative functions and palliates lung injury caused by RIR is still not thoroughly studied. Hence, to clarify this question, we investigated the hypothesis that LA4 can palliate ALI induced by RIR in rats. To test this hypothesis, we used an RIR rat model to perform this research. Furthermore, because inhibition of Toll-like receptor-4 (TLR4) exerts protective effects against RIR, [23] [24] [25] we also investigated whether TLR4 participates in the protective functions of LA4.
| RE SULTS

| The survival rate of the animals
At 24 hours after RIR, the survival rate of the animals in each group was 100%.
| Effects of LA4 on W/D ratio, MPO activity, and MDA level in lung samples and the number of inflammatory cells in BALF from RIRinduced ALI rats
At 24 hours after RIR, the lung W/D ratio, MPO activity, and MDA concentrations were determined. As illustrated in Figure 1 , the lung W/D ratio, MPO activity, and MDA concentrations were markedly augmented in the RIR group compared with those in the sham group.
By contrast, this increase was dramatically lessened by LA4 (2 μg/ kg) treatment, which was reversed in the BOC-2 group ( 
| Effect of LA4 on RIR-stimulated production of local and systemic inflammatory mediators
The effect of LA4 on inflammatory mediators in lung tissues and serum was measured by ELISA 24 hours after RIR. The levels of inflammatory cytokines in lung samples and serum were markedly enhanced after RIR compared with those in samples from the sham group. The relative inflammatory cytokine mRNA expression in lung samples was markedly enhanced after RIR. LA4 (2 μg/kg) attenuated the levels of inflammatory mediators relative to those in the RIR group, but this attenuation was reversed in the BOC-2 group (Figure 2 ).
| Effect of LA4 on histopathological changes in RIR-stimulated lung inflammation
At 24 hours after RIR, histopathological evaluation of the action of LA4 on RIR-stimulated ALI was performed. Hematoxylin and eosin (H&E) staining was used to histologically assess lung samples. As 
| Effect of LA4 on HMGB1 and TLR4 expression in rats with RIR-induced ALI
The levels of HMGB1 and TLR4 in lung samples were markedly higher in the RIR group than in the sham group based on ELISA and real-time PCR analyses. Administration of LA4 (2 μg/kg) was found to markedly attenuate the levels of HMGB1 and TLR4 compared with those in the RIR group at 24 hours, and this attenuation was reversed in the BOC-2 group (Figure 4A-D ).
| Effect of anti-TLR4 Ab on the levels of inflammatory mediators in rats with RIR-caused ALI
To elucidate the action of TLR4 in the production of the inflammatory molecules, Sprague-Dawley (SD) rats were intraperitoneally administered anti-TLR4 Ab (10 mg/kg) at 0 hour after RIR and SD rats were subsequently treated with LA4 (2 μg/kg, iv) immediately after RIR. Lung tissues were obtained 24 hours after RIR to examine inflammatory mediators. We found that RIR-stimulated production of inflammatory mediators was markedly suppressed by both anti-TLR4 Ab administration and LA4 administration (*P < 0.05, Figure 5 ). In addition, when both LA4 and anti-TLR4 Ab were administered to RIR-induced ALI rats, the production of inflammatory cytokines was extremely and potently restrained ( # P < 0.05, Figure 5 ).
| Effect of LA4 on MAPK and NF-κB phosphorylation in rats with RIR-caused ALI
The expression of phosphorylated p38 (p-p38) showed an apparent increase at 24 hours after RIR ( Figure 6A , P < 0.05). After LA4 administration, the p-p38/p38 ratio in lung samples from the RIR group was significantly reduced at 24 hours, but this effect was reversed in the BOC-2 group (Figure 6A 
| D ISCUSS I ON
Acute lung injury (ALI)/acute respiratory distress syndrome (ARDS) is characterized by clinically significant hypoxemia, diffuse bilateral pulmonary infiltration, pulmonary oedema, a decrease in pulmonary compliance, and a decrease in the functional residual capacity and develops through excessive and uncontrolled systemic inflammatory responses to direct or indirect lung injury. [26] [27] [28] The clinical disorders that are most commonly associated with the development of ALI are pneumonia, sepsis, pulmonary contusion, major trauma, and ischaemia-reperfusion injury. 4, [29] [30] [31] [32] There ischaemia-reperfusion injury, and prevention of intestinal ischaemia-reperfusion injury. [33] [34] [35] In this paper, we examined the ability of LA4 to reduce RIR-caused ALI.
Myeloperoxidase levels are indicators of neutrophil activation. In 
| RIR protocol
The RIR model was constructed based on a previously reported procedure, with some modifications. 4, 42 Bilateral flank incisions were F I G U R E 2 Effects of LA4 on the production of inflammatory cytokines in lung tissues and serum from rats with renal ischaemiareperfusion (RIR)-induced acute lung injury (ALI). LA4 (2 μg/kg, iv) was administered immediately after RIR. At 24 h after RIR, tumor necrosis factor (TNF)-α (A,G), interleukin (IL)-1β (B,H), and IL-6 (C,I) production in lung tissues and serum were determined by ELISA; Relative TNF-α (D), IL-1β (E), and IL-6 (F) mRNA expression in lung tissues was determined by real-time PCR. The values presented are the mean ± SD (n = 15 in each group). *P < 0.05 vs RIR, # P < 0.05 vs RIR + LA4. LA4, Lipoxin A4 made in rats under pentobarbital (30 mg/kg, intraperitoneal) anaesthesia. Renal pedicle blunt separation and micro aneurysm clips were applied to each renal pedicle for 60 minutes. Twenty-four hours later, the clips were loosened gently. We observed that blood flow to the kidney was restored. Then, a 4-0 silver suture was used to tie up the two layers of the wound, and food and water were provided for the rats after they awoke. Sham rats were subjected to the same procedure, but the vascular clamps were not placed. This technique was used to obtain the RIR model, which was induced by 60 minutes of ischaemia followed by 24 hours of reperfusion. 
F I G U R E 3
| Research protocols
The rats were randomly distributed into five experimental groups (n = 15): Sham group, LA4 group (2 μg/kg), RIR group, RIR plus LA4 (2 μg/kg) group, and a RIR plus LA4 (2 μg/kg) and BOC-2 (50 μg/ kg, intraperitoneally; an antagonist of the LA4 receptor) group.
The RIR animals were subjected to 60 minutes of bilateral ischaemia followed by 24 hours of reperfusion. At 1 hour after bilateral ischaemia, the rats were treated with LA4 (2 μg/kg, intravenously), BOC-2 (50 μg/kg, intraperitoneally), or normal saline (NS, intravenously). 43, 44 Lactated Ringer's solution (intraperitoneally) was subsequently used to resuscitate the rats in each group; at 1 hour after bilateral ischaemia, to illustrate the function of TLR4 in the release of inflammatory mediators, SD rats were administered an anti-TLR4 Ab (10 mg/kg, intraperitoneally) and LA4 (2 μg/kg, intravenously). 45 At 24 hours following RIR, SD rats were killed. Lung samples were collected, and liquid nitrogen was used to store lung samples for subsequent analysis. The dosages of LA4, anti-TLR4 Ab and BOC-2
were chosen according to those reported in previous studies and our preliminary experiments.
43-45
| Blood sample collection
At 24 hours after RIR, the rats were anaesthetized. Tracheostomy and lung lavage were performed, and then, an arterial blood sample was collected via right carotid artery cannulation. Plasma was obtained from the centrifuged blood (5 mL) and stored at −80°C prior to analysis.
| Lung tissues and bronchoalveolar lavage fluid collection
The left lung was detached from the fixed left main bronchus. The left lung was divided into the upper and lower lobes, and liquid nitrogen was used to snap-freeze and preserve the lower lobe at −80°C.
Formaldehyde (4%) was used to perfuse the right lung samples, and then, the right lung samples were dislodged. Sterile normal saline (3 mL) was used to lavage the right lung five times, and then, bronchoalveolar lavage fluid (BALF) was gathered according to a previously reported protocol. Trypan blue dye was used to deliquesce (1:1) the BALF for total cell number calculation. A BCA protein assay kit was used to measure the protein level in the supernatant from the centrifuged BALF.
| Wet/dry ratio and MPO activity test
Wet/dry weight ratio levels were used as an indicator of lung oedema. Neutrophilic infiltration was assessed by determining the activity of myeloperoxidase (MPO). The procedures used to evaluate the wet/dry ratio, and MPO activity have been previously reported. 46 Briefly, we weighed the newly collected left lobe and placed it in an oven at 80°C. The wet/dry weight ratio and weight calculations were performed after 24 hours of drying. The MPO activity evaluation was performed with the snap-frozen lung samples, which were resuspended, ultrasonicated, and centrifuged.
A water bath was used to incubate the gathered supernatant at 60°C for 2 hours. A myeloperoxidase fluorometric detection kit
Effect of anti-TLR4 Ab on the production of inflammatory cytokines in lung tissues from rats with renal ischaemia-reperfusion (RIR)-induced acute lung injury (ALI). Rats were treated with an intraperitoneal injection of anti-TLR4 Ab (10 mg/kg) immediately after RIR, and then, the rats were treated with LA4 (2 μg/kg, iv) or an equal volume of vehicle (NS). Lung tissues were collected at 24 h after RIR to analyze the inflammatory cytokines tumor necrosis factor-α (TNF-α) (A), interleukin-1β (IL-1β) (B), interleukin-6 (IL-6) (C), and high mobility group box-1 protein1 (HMGB1) (D). The values presented are the mean ± SD (n = 15 in each group). *P < 0.05 vs RIR, # P < 0.05 vs RIR + anti-TLR4 Ab + LA4. LA4, Lipoxin A4
was subsequently used to determine the MPO activity according to the manufacturer's directions.
| Malondialdehyde assays
A thiobarbituric acid reactive materials test kit was used to determine the lung malondialdehyde (MDA) levels to assess lipid peroxidation conditions.
| Determination of inflammatory mediators and TLR4
For determination of inflammatory mediators and TLR4, lung samples were handled as described in a previous study. 14 An ELISA was used to determine the levels of inflammatory mediators (e.g, TNF-α, IL-1β, IL-6, and HMGB1) and TLR4 in the lung tissues and plasma according to the manufacturer's directions.
| Histopathological examination of lung samples
Lung samples were collected from the different groups at the indicated time points. Tissues were fixed in 4% paraformaldehyde, and then, an automated processor was used to embed the tissues in paraffin blocks. Slides were used to mount sections (4 μm). H&E were used to stain some sections, and then, the pathogenic manifestations in the lung samples were assessed with an optical microscope.
Lung injury scores were evaluated independently by two pathologists blinded to the treatment groups using recently published criteria. 4 Lung injury was graded from 0 (normal) to 4 (severe) in four categories. 47 The lung injury score was evaluated according to the F I G U R E 6 Effect of LA4 on the activation of mitogen-activated protein kinase (MAPK) and nuclear factor kappa B (NF-κB) in lung tissue from rats with renal ischaemia-reperfusion (RIR)-induced acute lung injury (ALI). LA4 (2 μg/kg, iv) was administered immediately after RIR. MAPK and NF-κB p65 protein expression were measured by western blot. The quantification of relative band intensities was determined by densitometry. The values presented are the mean ± SD (n = 15 in each group). *P < 0.05 vs RIR, # P < 0.05 vs RIR + LA4. LA4, Lipoxin A4 sum of the damage level and included factors such as neutrophil infiltration, congestion, oedema and alveolar wall thickness.
| Western blot
A total protein extraction kit was used to obtain total protein from the lung tissues. A commercial kit (Pierce, Rock-ford, IL, USA) was used to evaluate the protein levels. Sodium dodecyl sulfatepolyacrylamide gels were used to load total protein (20 μg) for electrophoresis, and subsequently, the resolved protein was transferred to membranes. A milk powder solution (5%) was used to block the membranes for 2 hours after complete protein transfer, and then, primary antibodies, including anti-p-p38 ( 
| Statistical evaluation
All the data are expressed as the mean ± standard deviation (SD).
Differences between all groups were evaluated using one-way ANOVA (Tukey's test). P < 0.05 was deemed to indicate statistical significance.
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